LITERATURE SURVEY
Depth finding by camera and image processing have variant applications, including industry, robots and vehicles navigation and controlling. This issue has been examined from different viewpoints, and a number of researches have conducted some valuable studies in this field. All of the introduced methods can be categorized into six main classes.
The first class includes all methods that are based on using two cameras. These methods origin from the earliest researches in this field that employ the characteristics of human eye functions. In these methods, two separate cameras are stated on a horizontal line with a specified distance from each other and are focused on a particular object. Then the angles between cameras and the horizontal line are measured, and by using triangulation methods, the vertical distance of the object from the line connecting two cameras is calculated. The main difficulty of these methods is the need to have mechanical moving and the adjustment of the cameras in order to provide proper focusing on the object. Another drawback is the need of the two cameras, which will bring more cost and the system will fail if one of them fails.
The second class emphasize on using a single camera . In these methods, the base of the measurement is the amount of the image resizing in proportion to the camera movement. These methods need to know the main size of the object subjected to distance measurement and the camera's parameters such as the focal length of its lens.
The methods in the third class are used for measuring the distance of the moving targets . In these methods, a camera is mounted on a fixed station. Then the moving object(s) is(are) indicated, based on the four scenarios: maximum velocity, small velocity changes, coherent motion, continuous motion. Finally, the distance of the specified target is calculated. The major problem in these methods is the large amount of the necessary calculations.
The fourth class includes the methods which use a sequence of images captured with a single camera for depth perception based on the geometrical model of the object and the camera . In these methods, the results will be approximated. In addition, using these methods for the near field (for the objects near to the camera) is impossible.
The fifth class of algorithms prefer depth finding by using blurred edges in the image . In these cases, the basic framework is as follows: The observed image of an object is modeled as a result of convolving the focused image of the object with a point spread function. This point spread function depends both on the camera parameters and the distance of the object from the camera. The point spread function is considered to be rotationally symmetric (isotropic). The line spread function corresponding to this point spread function is computed from a blurred step-edge. The measure of the spread of the line spread function is estimated from its second central moment. This spread is shown to be related linearly to the inverse of the distance. The constants of this linear relation are determined through a single camera calibration procedure. Having computed the spread, the distance of the object is determined from the linear relation.
In the last class, auxiliary devices are used for depth perception. One of such methods uses a laser pointer which three LEDs are placed on its optical axis], built in a pen-like device. When a user scans the laser beam over the surface of the object , the camera captures the image of the three spots (one for from the laser, and the others from LEDs), and then the triangulation is carried out using the camera's viewing direction and the optical axis of the laser. The main problem of these methods is the need for the auxiliary devices, in addition to the camera, and consequently the raise of the complexity and the cost.
CONVENTIONAL METHODS

Chapter 1
Monocular Cues
There are also numerous monocular cues-such as texture variations and gradients, defocus, color/haze, etc.-that contain useful and important depth information.
Estimating depth from a single image using monocular cues requires a significant amount of prior knowledge, since there is an intrinsic ambiguity between local image features and depth variations. Depth estimation from monocular cues is a difficult task, which requires that we take into account the global structure of the image. applied supervised learning to the problem of estimating depth from single monocular images of unconstrained outdoor and indoor environments. The image is divided into small rectangular patches, and estimate a single depth value for each patch.Two types of features are used : absolute features-used to estimate the absolute depth at a particular patch-and relative features, which we use to estimate relative depths (magnitude of the difference in depth between two patches).
Stereo Cues
Depth Estimation in computer vision and robotics is most commonly done via stereo vision (stereopsis), in which images from two cameras are used to triangulate and estimate distances. The two images are taken from a pair of stereo cameras. When the scene is imaged by two cameras at two different positions, their images will be disparate.
The stereopsis method is based on measuring this disparity. Then, the triangulation method is used to recover the 3-D structure. Over the past few decades, researchers have developed very good stereo vision systems. Although these systems work well in many environments, stereo vision is fundamentally limited by the baseline distance between the two cameras. Specifically, the depth estimates tend to be inaccurate when the distances considered are large (because even very small triangulation/ angle estimation errors translate to very large errors in distances). Further, stereo vision also tends to fail for texture less regions of images where correspondences cannot be reliably found. Stereo cues are based on the difference between two images and do not depend on the content of the image. The images can be entirely random, and it will generate a pattern of disparities Figure 1 : Two images of the same scene taken from a pair of stereo cameras
Camera Focus
When a point object is photographed from a camera , the image produced is also a point object if the camera is correctly focused at by the photographer. In case the camera is not properly focused, the image produced of the point object is a circular disc constituting the blurred region with some thickness. 
Depth from Lens Translation
Figure 3 : Depth from Lens Translation
Depth from lens translation is a particular case of "stereo" or "shape from motion" problem; that is, the depth information is derived from the correspondence of feature points detected in images. Figure 3 illustrates the lens center translation along the optical axis of the lens and the correspondence of the projected object points between two images. In general, the p th object point sp = (Xp, Yp, Zp)T represented in the world coordinates is perspectively projected on the f th image coordinates as ufp = (xfp, yfp)T .
where Mf and tf denote the rotation matrix and translation vector respectively, and P is defined as a perspective projection operator with effective focal length w Depth recovery, or 3D shape reconstruction in other words, is performed by using the least squares criterion by minimizing the following error function.
where ˜u fp represents the p th feature point detected in the f th image and u fp is the feature point computed from the estimated 3D object point. In order to reduce the computational complexity, we convert the images to be taken by a camera that has a fixed w. This means that the image size is first modified then the depth estimation is performed.
Images with lens translation
Size of Objects
The literature on absolute depth estimation is very large but the proposed methods rely on a limited number of sources of information, such as, binocular vision, motion parallax, defocus etc. However, under normal viewing conditions, observers can provide a rough estimate of the absolute depth of the scene even in the absence of all these sources of information ( eg. While looking at a photograph ). One additional source of information for absolute depth estimation is the use of size of familiar objects like faces, bodies, cars etc. however, this strategy requires decomposing the image into its constituent elements. The process of image segmentation and object recognition, under unconstrained conditions, still remains difficult and unreliable for current computational approaches.
Figure 4 :
The recognition of image structure provides unambiguous monocular information about the depth between the observer and the scene.
IMAGE PROCESSING Chapter 2
Image processing is any form of information processing for which both the input and output are images, such as photographs or frames of video. Most image processing techniques involve treating the image as a two-dimensional signal and applying standard signal processing techniques to it. Work on image can be divided into three categories:
• Image Processing image in -> image out
• Image Analysis image in -> measurements out
• Image Understanding image in -> high-level description out
Earlier image processing was done largely in the analog domain, chiefly by optical devices. These optical methods are still essential to applications such as holography because they are inherently parallel; however, due to the significant increase in computer speed, these techniques are increasingly being replaced by digital image processing methods.
Digital image processing techniques are generally more versatile, reliable, and accurate; they have the additional benefit of being easier to implement than their analog counterparts. Specialized hardware is still used for digital image processing: computer architectures based on pipelining have been the most commercially successful. There are also many massively parallel architectures that have been developed for the purpose.
Today, hardware solutions are commonly used in video processing systems. However, commercial image processing tasks are more commonly done by software running on conventional personal computers.
Introduction To Images:
An image defined in the "real world" is considered to be a function of two real variables, for example, a(x,y) with a as the amplitude (e.g. brightness) of the image at the real coordinate position (x,y). An image may be considered to contain sub-images sometimes referred to as regions-of-interest, ROIs, or simply regions. This concept reflects the fact that images frequently contain collections of objects each of which can be the basis for a region. In a sophisticated image processing system it should be possible to apply specific image processing operations to selected regions. Thus one part of an image (region) might be processed to suppress motion blur while another part might be processed to improve color rendition.
The amplitudes of a given image will almost always be either real numbers or integer numbers. The latter is usually a result of a quantization process that converts a continuous range (say, between 0 and 100%) to a discrete number of levels. In certain image-forming processes, however, the signal may involve photon counting which implies that the amplitude would be inherently quantized. In other image forming procedures, such as magnetic resonance imaging, the direct physical measurement yields a complex number in the form of a real magnitude and a real phase.
Digital Image Processing:
A digital image a[m,n] described in a 2D discrete space is derived from an analog image a(x,y) in a 2D continuous space through a sampling process that is frequently referred to as digitization. The effect of digitization is shown in Figure 5 . The image shown in Figure 5 has been divided into N = 16 rows and M = 16 columns.
The value assigned to every pixel is the average brightness in the pixel rounded to the nearest integer value. The process of representing the amplitude of the 2D signal at a given coordinate as an integer value with L different gray levels is usually referred to as amplitude quantization or simply quantization.
Common Values:
There are standard values for the various parameters encountered in digital image processing. These values can be caused by video standards, by algorithmic requirements, or by the desire to keep digital circuitry simple. The number of distinct gray levels is usually a power of 2, that is, L=2B where B is the number of bits in the binary representation of the brightness levels. When B>1 we speak of a gray-level image; when B=1 we speak of a binary image. In a binary image there are just two gray levels which can be referred to, for example, as "black" and "white" or "0"
and "1".
Characteristics Of Image Operations
Types of operations:
The types of operations that can be applied to digital images to transform 
Types of neighborhoods:
Neighborhood operations play a key role in modern digital image processing. It is therefore important to understand how images can be sampled and how that relates to the various neighborhoods that can be used to process an image.
• Rectangular sampling -In most cases, images are sampled by laying a rectangular grid over an image as illustrated in Figure 5 . This results in the type of sampling shown in Figure 7c .
• Hexagonal sampling -An alternative sampling scheme is shown in Figure 7b 
Video Parameters:
It is appropriate-given that many static images are derived from video cameras and frame grabbers-to mention the standards that are associated with the three standard video schemes that are currently in worldwide use -NTSC,PAL, and SECAM. This information is summarized in Table 2 .3. 
Typical Problems
• Geometric transformations such as enlargement, reduction, and rotation.
• Color corrections such as brightness and contrast adjustments, quantization, or conversion to a different color space
• Registration (or alignment) of two or more images
• Combination of two or more images, e.g. into an average, blend, difference, or image composite
• Interpolation, demosaicing, and recovery of a full image from a RAW image format like a BAYER filter pattern.
• Segmentation of the image into regions Ri c R
THE APPROACH OF INTERPOLATION Chapter 3
The procedure explained in our report is a monocular approach for estimation of depth of a scene. The idea involves mapping the Pixel Depth of the object photographed in the image with the Real Depth of the object from the camera lens with an interpolation function. In order to find the parameters of the interpolation function, a set of lines with predefined distance from camera is used, and then the distance of each line from the bottom edge of the picture (as the origin line) is calculated.
Pixel Depth
The Pixel Depth of an object in an image is defined as the distance of the foot of the object from the edge of the photograph of the same object. Since the distances are 
Interpolation
This method includes two steps :
First, calculating an interpolation function based on the height and the horizontal angle of the camera. Second, using this function to calculate the distance of the object from the camera.
In the first step, named the primitive evaluation phase, the camera is located in a position with a specified height and absolutely horizontal with respect to the ground. Then from this position, we take a picture from some lines with equal distance from each other. Then, we provide a table in which the first column is the number of pixels counted from each line to the bottom edge of the captured picture (as the origin line), and the second column is the actual distance of that line from the camera position. Now, by assigning an interpolation method to this table, the related interpolation polynomial is calculated
In this formula, x is the distance of the object from the camera, and M is the order of the polynomial in the evaluation environment in the first step. In the second step of this method -with the same height and horizontal angle of the camera -the number of the pixels between the bottom edge of the target in the image (the nearest edge of an object in the image to the base of the camera) and the bottom edge of the captured image is counted and considered as x values in the interpolation function.
The output of this function will be the real distance between the target image e) Having a constant response time, because of having a fixed amount of calculations; so it will be reliable for applications in which the response time is important.
f) This method can be used for both stationary and moving targets.
However, This method has some limitations such as:
a) The dependency on the camera height and horizontal angle, so that if both or one of them is changed, there will be a need to repeat the first step again.
The N -Degree Polynomial
As has been understood from the concept of interpolation, it is desired to devise a polynomial which can takes in as input the pixel depth of an object in an image and gives as output, the actual distance between the object and the camera lens, the real depth. The derivation of the polynomial simply implies the calculation of the coefficients of the various terms of x n in the polynomial. Once the polynomial has been completely derived, that is, all the coefficients are known, the polynomial in itself becomes an intelligent system to calculate the real depth of a particular image if the pixel depth is provided.
This polynomial is unique for a particular camera and a particular height. Altering the focus of the camera or the height requires that the polynomial be derived again for the new orientation.
IMAGE ACQUISITION AND ANALYSIS Chapter 4
The core of our project lies in deriving the polynomial which can automatically calculate the Real Depth of the image. In our initial approach towards the derivation of the interpolation polynomial, we assumed that the height of the camera above the ground to be constant and the camera be placed horizontally with respect to the ground. That is, there be no angle of inclination between the camera plane and the ground taken as reference.
In the initial set up for recording the pictures, the camera was positioned on an elevated platform above the ground and this height was measured. This height is called
For calculation of the polynomial coefficients, it is required to have a sample set constituting of sample images taken in such a manner that the distance of object ( human in our case ) from the camera is constantly varying in each image. This sample set of images is then analyzed and the Pixel Depth of the image is tabulated against the Real Depth that was measured while taking the pictures with the help of a measuring tape.
This sample set of about fifteen clicked images is then processed with the Image Processing Tool in MATLAB. The recorded observations are given as input into MATLAB and with the help of a curve fitting tool, a curve is obtained for the particular set of observations. This curve obtained is unique to the particular camera from which the pictures had been clicked and for the constant height. Any further pictures taken from that camera can now be directly analyzed from this curve.
Further, we applied polynomial approximation to the curve and obtained an N-degree polynomial for the set of values. The curve fitting MATLAB tool automatically calculates the coefficients and hence, the polynomial has been derived.
Refer to APPENDIX A for the set of observation values and MATLAB images pertaining to the initial recordings taken.
Having analyzed the interpolation method for a particular constant height 'h' of the camera above the ground, we further analyzed the interpolation method for varying values of the height. Two more sets of observations were taken, for constantly increasing values of height.
As has been studied initially, increasing the values of height also has an effect on the closest point of sight, which is denoted by Xo. For each of the successive values of height 'h', a set of fifteen pictures were taken and each set was analysed as done in the initial set up. With the MATLAB image processing tool, each set of the sample values were analyzed and with the curve fitting tool, a polynomial was derived for each set of images obtained.
Refer to APPENDIX B for the set of observation values and MATLAB images pertaining to the initial recordings taken.
Depth Estimation is a highly useful tool in the 3D structuring of a scene from a two dimensional image. Thus, it can be said that it provides a 2D to 3D mapping of images. This is highly instrumental since it can be applied to intelligent machines such as robots. Robots usually require the three dimensional understanding of the environment they are in to take decisions. This method can therefore be used in robots to provide the robot with a 3D sense of the scene. With the images perceived by the robot with its cameras, depth can be calculated with the help of interpolation polynomial and hence, the robot can decide the action that it has to take in case there is an obstacle in its path of movement.
This method can also be used to calculate the velocity of a moving object. With a system that can continuously monitor the moving object and can take pictures of the object constantly, this interpolation method can be applied to the set of images constantly being viewed and the velocity can be calculated. The accuracy of the speed estimation will depend on the rate at which the photos are clicked by the system.
The method can also be applied in cars to measure the distance between any two cars and hence can be incorporated as a safety algorithm to apply brakes automatically if the need be.
FUTURE SCOPE
So far, while taking pictures, we assumed that the various parameters like focus of the camera, zoom, angle of the camera with respect to the ground, object movement, lens translation etc. remain constant throughout. But this doesn't always happen. Sometimes, errors may be induced in the approximation if any of these parameters is not constant or is present while it is assumed to be insignificant.
Taking the approach further would require the analysis of the effect of these parameters on the interpolation function. Here, in our process, we took matters a step further by increasing the value of 'h' for each sample space and then noting the variation in the interpolation function derived. Thus, we can say that a detailed and comprehensive study of this method would involve taking into account the other parameters that have been mentioned. Hence, we wish to develop this system further by incorporating these features into the algorithm design.
The following image shows the mapping of various values of x with the corresponding values of y. The mapping can take up any kind of a polynomial depending which suits it best which is decided by the error calculated in each approximation.
th Degree Polynomial Approximation
After a series of successive examinations for the various options available in the Curve Fitting Tool, it was found that, for the mapping shown in the previous image, the 8 th degree polynomial gives the best fit. That is, the root mean square error is minimum for this approximation. Hence, we get an 8 th degree interpolation function as shown in the following image.
For these set of values, it was found that the 7 th degree polynomial gives the least mean square error. Hence, interpolation was done using a 7 th degree polynomial.
Linear model Polynomial with degree 7:
f(x) = p1*x^7 + p2*x^6 + p3*x^5 + p4*x^4 + p5*x^3 + p6*x^2 + p7*x + p8
Coefficients: 
Goodness of fit:
RMSE: 14.82
